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54. TITLE OF INVENTION: Epoxy Resin Composition for Sealing Semiconductors 
and Semiconductor Device Using It 

57. ABSTRACT 

PROBLEM: To provide an epoxy resin composition for sealing semiconductors 
with excellent moldability, reliability, and flame resistance, and a semiconductor device 
using it. 

MEANS OF RESOLUTION: A semiconductor element is sealed using an epoxy 
resin composition for sealing semiconductors, comprising as essential components (A) an 
epoxy resin, (B) a curing agent, (C) a cure accelerator, (D) a metal oxide selected from 
zinc, tin, molybdenum, or tungsten, (E) a borate, and (F) an inorganic filler. 
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CLAIMS 

CLAIM 1: An epoxy resin composition for sealing semiconductors, comprising as 
essential components (A) an epoxy resin, (B) a curing agent, (C) a cure accelerator, (D) a 
metal oxide selected from zinc, tin, molybdenum, or tungsten, (E) a borate, and (F) an 
inorganic filler. 

CLAIM 2: The epoxy resin composition for sealing semiconductors of claim 1, 
wherein the cure accelerator is an addition product of triparatolylphosphine and 
benzoquinone. 

CLAIM 3: The epoxy resin composition for sealing semiconductors of claim 1 or 
claim 2, wherein the inorganic filler content is 80-95 weight%, the metal oxide content is 
0.05-5 weight%, and the borate content is 0.5-10 weight%. 

CLAIM 4: The epoxy resin composition for sealing semiconductors of any of 
claims 1 through 3, wherein the epoxy resin is a biphenyl epoxy resin. 

CLAIM 5: The epoxy resin composition for sealing semiconductors of any of 
claims 1 through 4, wherein the curing agent is a phenol-aralkyl resin having a xylyene 
group. 

CLAIM 6: The epoxy resin composition for sealing semiconductors of any of 
claims 1 through 5, wherein the curing agent is a phenolic resin represented by structural 
formula (I). 




(where R1-R5 is a hydrogen atom or alkyl group with 1-8 carbon atoms, and n is an 
integer equal to or greater than 0.) 

CLAIM 7: The epoxy resin composition for sealing semiconductors of any of 
claims 1 through 6, wherein the borate is zinc borate (2ZnO-3B 2 03-5H 2 0). 

CLAIM 8: An epoxy resin sealed semiconductor device in which a semiconductor 
element is sealed using any of the epoxy resin compositions for sealing semiconductors 
set forth in claims 1-7. 

DETAILED DESCRIPTION OF THE INVENTION 
[0001] 

TECHNICAL FIELD OF THE INVENTION 

The present invention pertains to a sealing material with excellent flame 
resistance, moldability, and reliability, and to a resin-sealed semiconductor device that 
uses this material. 
[0002] 

PRIOR ART 

Sealing semiconductor elements usually uses a sealing resin because of 
productivity, cost, etc. Such sealing resins are usually epoxy resin compositions with 
excellent electrical characteristics, cost, workability, etc. However, epoxy resins have 
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insufficient flame resistance, so their flame resistance is increased by adding a 
brominated epoxy resin. They may also be combined with antimony compounds 
(antimony trioxide, antimony pentoxide, etc., which have a multiplier effect with 
brominated flame retardants. In recent years, from the perspective of protecting the 
environment, there have been increasing demands to restrict the use of brominated flame 
retardants, which are believed to create dioxin when they burn, and antimony, which may 
cause cancer. Various types of replacement flame retardants have been studied to meet 
these demands. For example, metal hydrates such as aluminum hydroxide, magnesium 
hydroxide, etc. must be added in large quantities to achieve sufficient flame resistance, 
and thus cause degradation of the resin composition's curing properties, strength, etc. 
Also, there have been various proposals regarding phosphoric acid ester flame retardants 
(including those which also use nitrogen), but they are not suitable for the requirements 
of semiconductor sealing with regard to moldability and reliability 
[0003] 

There have previously been a number of proposals regarding the application of 
red phosphorus-type flame retardants to epoxy resins for sealing semiconductors. For 
example, these proposals include an epoxy resin composition for sealing semiconductors 
that uses a red phosphorus-type flame retardant characterized by a surface layer of Si x O y 
(Laid-open Patent Application No. Hei 7-157542), an epoxy resin composition for 
sealing semiconductors that uses a red phosphorus-type flame retardant coated with a 
mixture of bismuth oxide, bismuth hydroxide, and bismuth nitrate (Laid-open Patent 
Application No. Hei 8-100108), an epoxy resin composition for sealing semiconductors 
that uses a red phosphorus-type flame retardant and an ion sequestering agent (Laid-open 
Patent Application No. Hei 8-151427), an epoxy resin composition for sealing 
semiconductors that uses a red phosphorus-type flame retardant and a boron-type flame 
retardant (Laid-open Patent Application No. Hei 8-151505), an epoxy resin composition 
for sealing semiconductors that uses red phosphorus whose surface is coated with a 
phenolic resin and aluminum hydroxide (Laid-open Patent Application No. Hei 9- 
165495), an epoxy resin composition for sealing semiconductors that uses red phosphorus 
whose surface is coated with a phenolic resin and aluminum hydroxide and whose 
epoxy/curing agent equivalent ratio, glass transition temperature, and thermal expansion 
coefficient are regulated (Laid-open Patent Application No. Hei 9-227765), etc. But 
none of these satisfies the strict requirements of semiconductor applications. When the 
surface layer is simply coated with Si x O y or a mixture of bismuth oxide, bismuth 
hydroxide, and bismuth nitrate, a decrease in damp resistance due to phosphate ions 
leaching from the red phosphorus is unavoidable, and even if an ion sequestering agent is 
used it is difficult to obtain an adequate effect. Combining red phosphorus and a boron- 
type flame retardant achieves a multiplier effect with regard to flame resistance and 
results in relatively good reliability too, but there are problems such as a decrease in 
curing properties and reusability, etc. Also, red phosphorus alone surface-coated with 
aluminum hydroxide and a phenolic resin experiences the same sort of decrease in damp 
resistance and high-temperature shelf stability, etc. as noted before, and is not suitable for 
semiconductor applications. Also, if using a metal hydrate such as aluminum hydroxide, 
magnesium hydroxide, etc., or using a metal hydrate such as zinc borate alone, large . 
quantities must be added to achieve sufficient flame resistance, and the resin 
composition's curing properties and strength and the like deteriorate too much. Also, 
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there have been reports of the combined effect of metal oxides and metal hydrates 
(Mitsubishi Cable Industries Journal, Vol. 75, April 1988), and epoxy resin compositions 
that combine oxides and hydrates from specified groups of the periodic table have been 
proposed (Laid-open Patent Application No. Hei 9-100337), but it is difficult to achieve 
both flame resistance and moldability, and the strict requirements for sealing 
semiconductors have not been met. _ 
[0004] 

PROBLEMS THE INVENTION IS TO SOLVE 

The object of the present invention is to provide an epoxy resin composition for 
sealing semiconductors that does not contain a brominated flame retardant or antimony 
and that has excellent moldability, reliability, and flame resistance, and to provide a 
semiconductor device that uses this. Replacements for a brominated flame retardant 
include metal oxides and metal hydrates. ZnO, SnO, M0 3 , Fe 2 0 3 , CUO, NiO, etc. are 
well known as metal oxide flame retardants. However, if these metal oxides are used 
alone, the curing properties, releasability, and reliability of the semiconductor-sealing 
epoxy resin composition decreases, and even flame resistance is not sufficient. On the 
other hand, aluminum hydroxide, magnesium hydroxide, etc. are well known as metal 
hydrate flame retardants. However, large quantities must be added to achieve satisfactory 
flame resistance if these metal hydrates are used alone, and the curing properties and 
releasability of the semiconductor- sealing epoxy resin composition decreases, and reflow 
cracking resistance also decreases. Magnesium oxide [sic] in particular is the metal 
hydrate that has the greatest flame resistance effect and achieves the sought-after flame 
resistance with the addition of relatively less compared to other metal hydrates, but its 
affinity with the epoxy resin base is low and it becomes white when molded and 
releasability defects occur, so there are problems in applying it to mass production. The 
inventors performed much diligent research to solve these problems, and as a result they 
discovered that combining specified metal oxides and borates resulted in a multiplier 
effect that reduced the amount added, and improved the curing properties, releasability, 
damp resistance stability, and high-temperature shelf stability in the semiconductor- 
sealing epoxy resin composition, and also kept reflow cracking resistance at the same 
level as or better than present practices, and so arrived at the present invention. 
[0005] 

MEANS FOR SOLVING THE PROBLEMS 

That is, the present invention pertains to an epoxy resin composition for sealing 
semiconductors, comprising as essential components an epoxy resin, a curing agent, a 
cure accelerator, a metal oxide selected from zinc, tin, molybdenum, or tungsten, a 
borate, and an inorganic filler. It also pertains to a" semiconductor device that uses this. 
[0006] 

PREFERRED EMBODIMENTS OF THE INVENTION 

The epoxy resin used in the present invention is not particularly limited if it is a 
generally used epoxy resin molding material for sealing electronic components. 
Examples include an epoxidation product of a novolac resin produced from a phenol and 
an aldehyde, such as a phenolic novolac epoxy resin or an ortho-cresol novolac epoxy 
resin; a diglycidyl ether such as diglycidyl ether of bisphenol A, bisphenol F, bisphenol S 
or an alkyl-substituted biphenol; a glycidylamine epoxy resin which is a reaction product 
of a^polyamine, such as diaminodiphenylmethane or isocyanuric acid, with 
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epichlorohydrin; and a linear aliphatic epoxy resin and an alicyclic epoxy resin which is 
an oxidation product of an olefin bond with a peracid, such as peracetic acid. These may 
be appropriately combined. Among these, using an alkyl-substituted biphenol epoxy 
resin such as 4,4 , -bis(2,3-epoxypropoxy)-3,3 , ,5,5'-tetramethylbiphenyl results in 
excellent adhesion and water absorption, and at the same time the epoxy resin has 
particularly low viscosity when melted, so the ameunt of filler mixed in can be greatly 
'increased. This results in a molding material with excellent reflow cracking resistance 
and damp resistance, and these epoxy resins should amount to 60 weight% or more of the 
total amount of epoxy resin used. This is because if less than 60 weight% is present the 
epoxy resin's features of low water absorption and high adhesion will not be realized, and 
the effect on soldering resistance will be slight. The epoxy resin can be obtained by the 
epoxidation of 4,4'-bishydroxy-3,3\5,5'-tetramethylbiphenyl with epichlorohydrin. 
[0007] 

The curing agent used in the present invention includes acid anhydrides, amines, 
phenolic compounds, etc.; of these, phenolic compounds are preferred. Examples of 
phenolic compounds include phenols such as phenol, cresol, xylenol, resorcin, catechol, 
bisphenol A, bisphenol F, etc.; resins obtained by condensation or co-condensation of 
naphthols such as a-naphthol, [3-naphthol, dihydroxynaphthalene, etc. and aldehydes 
such as formaldehyde, acetoaldehyde, propionaldehyde, benzaldehyde, salicylaldehyde, 
etc. in the presence of an acidic catalyst; polyparavinylphenol resin, phenol-aralkyl resin 
having a xylyene group synthesized from a phenol and dimethoxyparakylyene, etc. These 
may be used individually or in combination of two or more. Among these, using a 
phenol-aralkyl resin having a xylyene group or a phenolic resin represented by structural 
formula (I) 




(where R1-R5 is a hydrogen atom or alkyl group with 1-8 carbon atoms, and n is an 
integer equal to or greater than 0) results in excellent adhesion and water absorption, and 
at the same time the phenolic resin has a low viscosity when melted, so the amount of 
filler mixed in can be increased. This results in a molding material with excellent reflow 
cracking resistance and damp resistance; the amount added should be 60 weight% or 
more of the total amount of curing agent used. This is because if less than 60 weight% is 
present the phenolic resin's features of low water absorption and high adhesion will not 
be realized, and the effect on soldering resistance will be slight. This can be used in 
combination with the previously noted alkyl-substituted bisphenol epoxy resin such as 
4,4 , -bis(2,3-epoxypropoxy)-3,3',5,5'-tetramethylbiphenyl, etc., which results in 
particularly good soldering resistance. Also, the equivalent ratio of (A)'s epoxy resin and 
(B)'s curing agent is not particularly restricted, but should be in the range of 0.7-1.3 in 
order to minimize unreacted components. 
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[0008] 

The cure accelerator component (C) to be used in the present invention to 
accelerate the reaction between the epoxy resin and the curing agent can be any 
commonly used cure accelerator. When a phenolic compound is used as the curing agent, 
suitable examples of the cure accelerator include diazabicyclo alkenes such as 1,8- 
diazabicyclo(5,4,0)undecene-7 and derivatives thereof; tertiary amines such as 
triethylenediamine, benzyldimethylamine, triethanolamine, dimethylaminoethanol and 
tris(dimethylaminomethyl)phenol; imidazoles such as 2-methylimidazole, 2- 
phenylimidazole, 2-phenyl-4-methylimidazole and 2-heptadecylimidazole; organic 
phosphines such as tributylphosphine, methyldiphenylphosphine, and 
triphenylphosphine; tetra-substituted phosphonium tetra-substituted borates such as 
triphenylphosphine-tetraphenylboran, triphenylphosphine-benzoquinone addition 
product, triparatolylphosphine-benzoquinone addition product, and 
tetraphenylphophosphonium tetraphenylborate; and tetraphenylboron salts such as 2- 
ethyl-4-methylimidazole tetraphenylborate and N-methylmorpholine tetraphenylborate, 
etc. These may be used individually or in combination of two or more. Among these, 
using a triphenylphosphine-benzoquinone addition product or triparatolylphosphine- 
benzoquinone addition product is preferred because of the balance of characteristics. 
[0009] 

Shown below is an example of synthesizing the aforesaid benzoquinone addition 
product using triparatolylphosphine. 

1. Dissolve triparatolylphosphine 44. 2g in acetone 120g. 

2. Dissolve p-benzoquinone 17.6g in acetone 80g. 

3. Mix solutions 1 and 2 at room temperature ~80°C. 

4. Filter the precipitated crystals and extract and dry to obtain the addition product 
of triparatolylphosphine and benzoquinoneT 

From the viewpoint of reducing water absorption and increasing strength it is necessary 
to use an inorganic filler as a filler. Inorganic fillers include powders of fused silica, 
crystal silica, alumina, zircon, calcium silicate, calcium carbonate, silicon carbide, boron 
nitride, beryllia, zirconia, etc.; spherical beads produced therefrom; single crystal fibers 
of potassium titanate, silicon carbide, silicon nitride or alumina, etc.; or glass fibers. 
More than one type may be combined. In addition, aluminum hydroxide, zinc borate, etc. 
are inorganic fillers with a flame resistance effect; these may be used individually or in 
combination. The amount of inorganic filler added is preferably 70 weight% or more 
from the viewpoint of reducing water absorption and the linear expansion coefficient and 
increasing strength. Among these inorganic fillers^ fused silica is preferred to decrease 
the linear expansion coefficient, alumina is preferred to increase thermal conductivity, 
and the shape of the fillers is preferably spherical to improve flowability during molding 
and the wear of molding dies. Other additives which may be used include a release agent 
such as a higher fatty acid, a metallic salt of a higher fatty acid, an ester wax or a 
polyolefin wax; a coloring agent such as carbon black; and a coupling agent such as an 
epoxysilane, an aminosilane, an ureidosilane, a vinylsilane, an alkylsilane, an 
organotitanate or an aluminum alcoholate. Among these coupling agents, an aminosilane 
is preferred for flame resistance and curing properties. Among these, y- 
anilinopropyltrimethoxysilane, y-anilinopropyltriethoxysilane, y- 
anilinopropylmethyldimethoxysilane, and y-anilinopropylmethyldiethoxysilane, etc. are 



6 



Hei 11-269348 



particularly preferred from the viewpoint of adhesion to the lead frame, damp resistance, 

and moldability. 

[0010] 

The metal oxide used in the present invention may be an oxide of zinc, tin, 
molybdenum, or tungsten used alone, or a combination of two or more. Molybdenum 
oxide and zinc oxide in particular are preferred from the viewpoint of flame resistance 
and curing properties. The metal oxide content in the resin composition should be 
0.05-5% (by weight) relative to the entire composition. Flame resistance is inadequate if 
the content is less than 0.05%, and if the content exceeds 5% problems arise in curing. 
The particularly preferred range is 0. 1-2.0 weight%. Also, borate content is 0.5-10%. If 
the content is less than 0.5% there is no effect from adding it, while if the content exceeds 
10% problems arise with flowability. The particularly preferred range is 1.0-5 weight%. 
Among these, zinc borate (2ZnO-3B 2 0 3 -5H 2 0) is recommended. This can be obtained as 
FIREBRAKE290, for example, manufactured by Borax Japan, Inc. Other additives can 
be used: a coloring agent (carbon black, etc.), a modifier (silicone, silicone rubber, etc.), 
and an ion trapper (hydrotalcite, antimony-bismuth, etc.). A method of manufacturing 
the molding material using the aforesaid sort of starting materials is to completely mix 
the starting material mixture in the specified ratios using a mixer or the like, and then 
knead it with a hot roll or an extruder or the like, and cool and finely grind it to obtain the 
molding material. 
[0011] 

The most commonly used method of sealing an electronic component using the 
epoxy resin composition obtained through the present invention is the low-pressure 
transfer molding method. But other methods, such as injection molding, compression 
molding, casting, etc. can also be used. An epoxy resin composition manufactured using 
the aforesaid means does not contain a brominated flame retardant or antimony 
compound, so it is better for the environment and. has excellent moldability and 
reliability, and is suitable for sealing a transistor, IC, LSI etc. 
[0012] 

Working Example 

Below, the present invention shall be explained in detail using working examples, 
but the present invention is in no way limited to these. 

Working Examples 1-5, Comparative Examples 1-6 

First, using the types of materials shown in Table 1 and Table 2, the materials for 
Working Examples 1 and 2 and Comparative Examples 1-5 were premixed (dry 
blended), and then kneaded for 10 minutes with a biaxial roll (roll surface temperature 
about 80°C), and cooled and ground and manufactured. Furthermore, the materials used 
in the working examples and comparative examples were as follows. 

Biphenyl epoxy resin: YX-4000H, made by Yuka Shell 

Phenol-aralkyI resin: XL-225, made by Mitsui Chemical 

Curing agent with biphenyl skeleton: MEH-7851, made by Meiwa Chemicals 

Epoxysilane: KBM-403, made by Shinetsu Silicone 

Polyethylene wax: PED- 191, made by Hoechst, Inc. 

Brominated epoxy resin: ESB-400, made by Sumitomo Chemicals 
s Magnesium hydroxide: Kisuma 5J, made by Kyowa Chemicals 
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Fused silica: Spherical micron S-CO 

[0013] 
Table 1 



ITEM 


WE 1 


VY . JD. L 


VY .JG. J 


VY .H. 4- 


W.C,. 0 


Binhenvl er>oxv resin 


100 

1 WW 






iUU 


100 


Phenol -aralkvi resin 




01 








Curinff af?ent with binhenvl skeletnn 
(structural formula I) 










104 


Triparatolylphosphine-benzoquinone 
addition product 


3.0 


1 0 

J . w 


^ 0 


1 0 


^ fi 
J.U 


Molybdenum oxide 


20 










Zinc oxide 




20 








Tungsten oxide 






20 






Tin oxide 








20 




FIREBRAKE290 


50 


50 


50 


50 


50 


Epoxysilane 


10 


10 


10 


10 


10 


Carnauba wax 


1.0 


1.0 


1.0 


1.0 


1.0 


Polyethylene wax 


2.0 


2.0 


2.0 


2.0 


2.0 


Carbon black 


3.5 


3.5 


3.5 


3.5 


3.5 


Fused silica (spherical) 


1600 


1600 


1600 


1600 


1700 



[0014] 
Table 2 



ITEM 


C.E. 1 


C.E. 2 


C.E. 3 


C.E. 4 


C.E. 5 


C.E.6 


Biphenyl epoxy resin 


85 


100 


100 


100 


100 


100 


Phenol-aralkyl resin 


84.5 


91.1 


91.1 


91.1 


91.1 


91.1 


Triphenylphosphine 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


Epoxysilane 


10 


10 


10 


10 


10 


10 


Carnauba wax 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


Polyethylene wax 


2.0 


2.0 


2.0 


2.0 


2.0 


2.0 


Carbon black 


3.5 


3.5 


3.5 


3.5 


3.5 


3.5 


Brominated epoxy resin 


15 












Antimony tri oxide 


10 












Molybdenum oxide 




20 










Copper oxide 






20 








Nickel oxide 








20 






Iron oxide 










20 




FIREBRAKE290 






50 


50 


50 


150 


Fused silica (spherical) 


1600 


1600 


1600 


1600 


1600 


1600 



[0015] 

Using this sealing material, tests were performed under the following conditions 
using a transfer molder: mold temperature 180°C, molding pressure 70 kgf/cm 2 , curing 
time 90 seconds. Spiral flow was measured using an EMM 1 1-66. Hot hardness was 
measured using a Shore hardness tester. Also, damp resistance and soldering heat 
resistance were evaluated after molding semiconductor elements using this sealing 
material and a transfer molder under the same conditions and letting it cure (175°C/5 
hours). The semiconductor device used in damp resistance [testing] was an SOP-28 pin. 
It was pretreated by moisture absorption at 85°C/85% RH 72 hours + 215°C/90 seconds 
(VPS), and then placed in a PCT (121°C/2 atmospheres), and evaluated for the presence 
or absence of breaks in the wires on the chip. The semiconductor device used in high- 
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temperature shelf stability [testing] was an SOP-28 pin. After being left at 175°C for a 
specified time, the bonding strength of metal wires was measured 2nd rated. The 
semiconductor device used in soldering heat resistance [testing] was a QFP 80-pin resin- 
sealed semiconductor device (outer dimensions 20 x 14 x 2.0 mm). The lead frame was 
alloy 42 material (unprocessed); the chip size was 8x10 mm. The resin-sealed 
semiconductor device thus obtained was baked at +25°C for 24 hours, and then absorbed 
moisture at 85°C/85% RH for a specified time, and then treated at 240°C for 10 seconds; 
its soldering heat resistance was rated by the crack formation percentage in the resin- 
sealed semiconductor device. Table 3 summarizes the aforesaid test results 
[0016] 
Table 3 



ITEM 


Unit 


W.E. 1 


W.E. 2 


W.E. 3 


W.E. 4 


W.E. 5 


Spiral flow 


Inch 


39 


37 


35 


36 


40 


Hot hardness 




82 


81 


82 


80 


80 


Damp resistance * 1 


Hr 


1550 


1500 


1400 


1450 


1550 


Soldering heat resistance *2 


Hr 


120 


120 


120 


120 


168 


High-temperature shelf 
stability *3 


Hr 


4500 


4650 


4400 


4050 


4250 


Flame resistance (1/16 inch) 


UL-94 


V-0 


V-0 


V-0 


V-0 


V-0 


Environmentally sensitive 




OK 


OK 


OK 


OK 


OK 



ITEM 


Unit 


C.E. 1 


C.E. 2 


C.E. 3 


C.E.4 


C.E. 5 


C.E. 6 


Spiral flow 


Inch 


36 


40 


35 


37 


36 


30 


Hot hardness 




78 


65 


63 


69 


69 


65 


Damp resistance *1 


Hr 


910 


1250 


1100 


1060 


1050 


1360 


Soldering heat resistance *2 


Hr 


120 


120 


120 


120 


120 


48 


High-temperature shelf 
stability *3 


Hr 


1060 


2100 


2450 


2550 


2300 


4550 


Flame resistance (1/16 inch) 


UL-94 


V-0 


V-l 


V-l 


V-l 


V-l 


V-0 


Environmentally sensitive 




NG 


OK 


OK 


OK 


OK 


OK 



*1 Damp resistance: Time until the broken wire failure rate reached 50%. 

*2 Soldering heat resistance: Water absorption time until external cracks appeared. 

*3 High-temperature shelf stability: Time until the broken wire failure rate reached 50%. 



[0017] 

EFFECT OF THE INVENTION 

In an epoxy resin composition for sealing semiconductor elements whose main 
components are an epoxy resin, a curing agent, and- an inorganic filler material, the 
present invention mixes in a metal oxide and borate as essential flame retardant 
components, and thereby provides a molding material with excellent reliability and with 
very little effect on the environment. Sealing a semiconductor element using this 
molding material results in a semiconductor device with excellent reliability and flame 
resistance. 
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